



Effect of hydrosoluble polysaccharides of Macrocystis pyrifera on physiological and metabolic 
responses of Litopenaeus vannamei infected with Vibrio campbellii
Efecto de polisacáridos hidrosolubles de Macrocystis pyrifera sobre las respuestas fisiológicas y 
metabólicas de Litopenaeus vannamei infectado con Vibrio campbellii
Liliana	Noemi	Sánchez	Campos,1	Fernando	Díaz,1	Alexei	Licea,2	Ana	Denisse	Re,1	M.	Leonardo	Lizárraga,3	
Maricela	Flores,4	Ricardo	González	Sánchez1	and	Caroline	Tordoya	Romero1
1Laboratorio de Ecofisiología de Organismos Acuáticos, Departamento de Biotecnología Marina. Centro de Investigación Científica y de Educación 
Superior de Ensenada (CICESE), Carretera Ensenada-Tijuana # 3918. Ensenada Baja California, México. 
2Laboratorio de Inmunología Molecular. Departamento de Biotecnología Marina. Centro de Investigación Científica y de Educación Superior 
de Ensenada (CICESE). 
3Laboratorio de Ecología Molecular. Departamento de Biotecnología Marina. Centro de Investigación Científica y de Educación 
Superior de Ensenada (CICESE). 
4Nutrición y Ecofisiología de Organismos Acuáticos. Instituto de Investigaciones en Ciencias Veterinarias, Universidad 
Autónoma de Baja California. Av. Obregón y Julián Carrillo s/n Mexicali Baja California México. 
e-mail: fdiaz@cicese.mx
Sánchez	Campos,	L.	N.,	F.	Díaz,	A.	Licea,	A.	D.	Re,	M.	L.	Lizárraga,	M.	Flores,	R.	González	Sánchez	and	C.	Tordoya	Romero.	2010.	Effect	of	hydrosoluble	poly-













































Approximately	80	 to	90%	of	bacteria	 isolated	 from	penaeid	
cultures	with	mass	mortalities	belong	to	the	genus	Vibrio	(Pacini),	
which	 behaves	 as	 an	 opportunistic	 pathogen	 that	 takes	 advan-
tage	 of	 environmental	 conditions	 that	 affect	 the	 host	 organism,	
such	as	climate	changes,	population	density,	poor	nutrition	and	
water	quality	 (Leaño	et al.,	 1998).	Different	species	of	Vibrio af-
fect penaeid	shrimps	under	culture	conditions,	such	as	V. harveyi	
(Johnson	&	Shunk),	V. campbellii (Baumann),	V. parahaemolyticus	
(Fujino),	V. vulnificus	 (Reichelt)	and	V. alginolyticus (Miyamoto),	
which	 are	 responsible	 for	 the	 so-called	 “vibriosis”	 whose	 prin-
cipal	 symptoms	 in	 shrimp	 are	 whitening	 of	 the	 thoracic	 region,	



















hemolymph	 (Racotta	 &	 Palacios	 1998;	 Rosas	 et al.,	 2001,	 2002;	





infección	 disminuyó	 la	 tasa	 de	 consumo	 de	 oxígeno	 a	 24	 mg	 O2	h-1	kg-1	 p.h.	 en	 los	 camarones	 del	 grupo	 control	

































ble	polysaccharides	extract	of	Macrocystis pyrifera on adult Lito-




Macrocystis pyrifera	 blades	 were	 collected	 at	 La	 Mision,	 B.C.,	
México,	 during	 the	 summer	 of	 2007	 and	 a	 hydrosoluble	 extract	
of	polysaccharides	was	prepared	based	on	the	methodology	de-
scribed	by	Yeh	et al.	(2006).




























to	 measure	 the	 initial	 concentration	 of	 oxygen,	 respirometric	












W	and	T	are	the	weight	of shrimps	in kg	of	wet	biomass, and	the	
time	duration	in	hours,	respectively.
Lyophilized	hydrosoluble	polysaccharides	extract	 (6	mg)	of	
M. pyrifera	 was	 dissolved	 in	 6	 mL	 of	 saline	 solution	 (9	 ‰),	 and	
60	organisms	were	injected	in	the	abdominal	muscle	with	100	μL	
of	 the	 prepared	 extract,	 the	 final	 concentration	 was	 10	 μg	 g-1;	









































Statistical	 analysis	 of	 data	 (oxygen	 consumption	 rate,	 glu-
cose,	lactate	and	total	proteins	concentrations	in	the	hemolymph)	
was	 carried	 out	 using	 the	 Sigma	 Stat	 program,	 Kruskal-Wallis	
(Zar,	1999)	nonparametric	test	was	used	previous	determination	











tion	 rate	 increase	at	 two,	 four	and	six	hours	p.i.	of	 65.6,	 67	and	
65.4	mg	O2	h-1	kg-1	w.w.	respectively;	while	at	8	 to	12	hours	p.i.	
the	oxygen	consumption	rate	initiate	to	decline	(54.3	and	31	mg	O2	
Figure	1	A-D.	Oxygen	consumption	 rate	 (mg	O2	h-1	 kg-1	w.w.)	of	 saline	 injected	 Litopenaeus vannamei.	Pre-injection	values	
represent	the	median	oxygen	consumption	rate	of	20	organisms	2	hours	before	saline	injection	(A),	injected	with Vibrio campbel-
lii	(B),	injected	with	the	hydrosoluble	polysaccharides	extract	of	Macrocystis pyrifera	and	infected	with Vibrio campbellii (C),	























V. campbellii	 which	 had	 an	 oxygen	 consumption	 rate	 of	 43.3	 to	
59.8	mg	O2	h-1	kg-1	w.w.	(Fig.	1D).
Glucose	 concentration	 on	 the	 shrimps	 controls	 was	 10	
mg	 dL-1.	 The	 adults	 injected	 with	 V. campbellii	 had	 the	 highest	
glucose	 concentration	 at	 two	 hours	 p.i.	 (32.7	 mg	 dL-1).	 Shrimps	
injected	 with	 the	 hydrosoluble	 polysaccharides	 extract	 of	 M. 
pyrifera	 and	 infected	 with	 V. campbellii	 showed	 a	 decrease	 in	
hemolymph	glucose	concentration	at	12	hours	p.i.	 (2.3	mg	dL-1),	
however,	at	24	hours	p.i.	their	glucose	concentration	returned	to	





Lactate	concentration	 in	 the	hemolymph	of	pre-injection	L. 
vannamei	was	11.4	mg	dL-1.	Adults	 injected	with	saline	solution	
and	V. campbellii	showed	no	significant	differences	(p	<	0.05)	over	













































molymph	 and	 form	 nodules	 which,	 due	 to	 normal	 mechanical	
processes,	 accumulate	 in	 the	 gills.	 These	 nodules	 may	 affect	
the	 ability	 of	 the	 gills	 to	 perform	 their	 function	 gas	 exchange	













Yeh	et al., 2006;	Fu	et al.,	2007)	and	by	injection	(Cheng	et al.,	2004;	






























abnormal	 values	 of	 glucose	 concentration,	 the	 only	 change	 re-
corded	was	at	12	hours	p.i.	 in	 the	 injection	of	 the	extract	 treat-
ment,	however	this	effect	did	not	persist,	as	at	the	following	sam-
















Hsieh	 et al.	 (2008)	 reported	 that	 juveniles	 of	 the	 same	 species	
subjected	to	infection	with	V. alginolyticus	increased	their	levels	
of	 glucose	 and	 lactate,	 which	 supports	 our	 hypothesis	 that	 the	
















hemocyanin	 can	 be	 processed	 by	 a	 cysteine-type	 protease	 to	
generate	 antimicrobial	 peptides	 under	 acidic	 conditions	 and	 its	























p.i.	 in	both	 treatments,	probably	due	 to	 increased	production	of	
antimicrobial	peptides	from	the	hemocyanin	to	fight	against	infec-
tion.	The	organisms	from	the	control	group	infected	with	V. camp-
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REFERENCES
AlAbi, A. O., D. A. JOnes & J. W. lAtchfOrD.	1999.	The	efficacy	of	immersion	
as	 opposed	 to	 oral	 vaccination	 of	 Penaeus indicus	 larvae	 against 
Vibrio harveyi.	Aquaculture	178:	1-11.
AltinOk, i. & J. M. Grizzle.	2003.	Effects	of	low	salinities	on	oxygen	con-
sumption	 of	 selected	 euryhaline	 and	 stenohaline	 freshwater	 fish.	
Journal of the World Aquaculture Society 34:	113-117.
berGer, c.	2000.	Aportes	de	la	bio-tecnología	a	la	alimentación	y	a	la	in-
muno-estimulación	 de	 camarones	 peneidos:	 In:	 Cruz-Suárez	 L.	 E.,	
Ricque-Marie,	D.,	Tapia-Salazar,	M.,	Olvera-Novoa,	M.	A.	y	Civera-
Cerecedo,	R.	(Eds.).	Avances en Nutrición Acuícola. Memorias del 
V Simposium Internacional de Nutrición Acuícola,	Noviembre,	2000.	
Mérida,	Yucatán,	pp.	102-110.
burnett, l. e., J. D. hOlMAn, D. D. JOrGensen, J. l. ikerD & k. G. burnett.	
2006.	Immune	defense	reduces	respiratory	fitnes	in	Callinectes sapi-
dus,	the	Atlantic	blue	crab.	Biological Bulletin	211:	50-57.
cAMpA-córDOvA, A. i., n. Y. hernánDez-sAAveDrA, G. AGuirre-GuzMán & 
f. AscenciO.	 2005.	 Respuesta	 inmunomoduladora	 de	 la	 superóxido	
dismutasa	en	juveniles	de	camarón	blanco	(Litopenaeus vannamei)	
expuestos	a	inmunoestimulantes. Ciencias Marinas	31:	661-669.
cerezO vAlverDe, J., f. J. MArtínez lópez & b. GArcíA GArcíA.	2006.	Oxygen	
consumption	 and	 ventilatory	 frequency	 responses	 to	 gradual	 hy-
poxia	in	common	dentex	(Dentex dentex):	Basis	for	suitable	oxygen	
level	estimations.	Aquaculture	256:	542-551.
chenG, W., c. h. liu, s. t. Yeh & J. c. chen.	2004.	The	immune	stimulatory	
effect	of	sodium	alginate	on	the	white	shrimp	Litopenaeus vannamei	
and	its	resistant	against	Vibrio alginolyticus.	Fish & Shellfish Immu-
nology	17:41-51.
cruz-suárez, l. e., D. ricque-MArie, M. tApiA-sAlAzAr & c. GuAJArDO-bAr-
bOsA.	2000.	Uso	de	harina	de	kelp	(Macrocystis pyrifera)	en	alimen-
tos	para	camarón.	Avances en Nutrición Acuícola V. Memorias del 
V Simposium Internacional de Nutrición Acuícola,	Noviembre,	2000.	
Mérida,	Yucatán.	pp.	227-266.
DestOuMieux-GArzón, D., D. sAulnier, J. GArnier, c. JOuffreY, p. bulet, & e. 
bAchère.	2001.	Crustacean	immunity:	antifungal	peptides	are	gener-
ated	from	de	C-terminus	of	shrimp	hemocyanin	 in	response	to	mi-
crobial	challenge. The Journal of Biological Chemistry 276:	 47070-
47077.




fAO (fOOD AnD AGriculture OrGAnizAtiOn).	 2008.	The	State	of	World	and	
Aquaculture.	 Available	 at:	 ftp://ftp.fao.org/docrep/fao/011/i0250e/
i0250e00.pdf	(downloaded	March,	2,	2010).




fu, W. Y., W. Y. hOu, s. t. Yeh, h. l. chiu & J. c. chen.	2007.	The	immuno-
stimulatory	effects	of	hot-water	extract	of	Gelidium amansii	via	im-
mersion,	injection	and	dietary	administration	on	white	shrimp	Litope-
naeus vannamei	and	its	resistance	against	Vibrio alginolyticus.	Fish 
& Shellfish Immunology	22:	673-685.
hOu, W. Y. & J. c. chen.	2005.	The	immunostimulatory	effect	of	hot	water	
extract	of	Gracilaria tenuistipitata	on	the	white	shrimp	Litopenaeus 
vannamei	 and	 its	 resistance	 against	 Vibrio alginolyticus.	 Fish & 
Shellfish Immunology	19:	127-138.
hsieh, s. l., Y. h. ruAn, Y. c. li, p. s. hsieh, c. h. hu & c. M. kuO.	2008.	Im-
mune	and	physiological	responses	in	Pacific	white	shrimp	(Penaeus 
vannamei)	to	Vibrio alginolyticus.	Aquaculture	275:	335-341.
huAnG, x., h. zhOu & h. zhAnG.	2006.	The	effect	of	Sargassum fusiforme	
polysaccharide	extracts	on	vibriosis	resistance	and	immune	activity	
of	the	shrimp,	Fenneropenaeus chinensis.	Fish & Shellfish Immunol-
ogy	20:	750-757.




lAvillA pitOGO, c. r., M. c. l bAticADOs, e. r. cruz lAcierDA & l. D. De lA 
peñA.	 1990.	 Occurence	 of	 luminous	 bacterial	 disease	 of	 Penaeus 
monodon	larvae	in	the	Philippines.	Aquaculture	91:	1-13	p.
leAñO, e. M., c. r. lAvillA pitOGO & M. G. pArner.	1998.	Bacterial	flora	in	




lee, s. Y., b. l. lee & k. söDerhAll.	 2003.	Processing	of	an	antibacterial	
peptide	 from	 hemocyanin	 of	 the	 freshwater	 crayfish	 Pacifastacus 
leniusculus.	The Journal of Biological Chemistry	278:	7927-7933.
leMOs, D., v. n. phAn & G. AlvArez.	2001.	Growth,	oxygen	consumption,	
ammonia-N	 excretion,	 biochemical	 composition	 and	 energy	 con-
tent	 of	 Farfantepenaeus paulensis	 Perez-Farfante	 (Crustacea,	 De-
capoda,	Penaeidae)	early	postlarvae	in	different	salinities	Journal of 
Experimental Marine Biology and Ecology 261:	55-74.
lópez n., G. cuzOn, G. GAxiOlA, G. tAbOADA, M. vAlenzuelA, c. pAscuAl, A. 
sAnchez & c. rOsAs.	2003.	Physiological,	nutritional,	and	immunologi-
cal	role	of	dietary	ß	1-3	glucan	and	ascorbic	acid	2-monosphate	in	
Litopenaeus vannamei	juveniles. Aquaculture	224:	223-243.
MArtin, G. G., D. pOOle, c. pOOle, J. e. hOse, M. AriAs, l. reYnOlDs, n. 
Mckrell, & A. WhAnG.	1993.	Clearance	of	bacteria	injected	into	the	
hemolymph	of	the	penaeid	shrimp,	Sicyonia ingentis.	Journal of In-
vertebrate Pathology	62:	308-315.
MArtin, G. G., J. kAY, D. pOOle & c. pOOle.	1998.	In vitro	nodule	formation	
in	the	ridgeback	prawn,	Sicyonia ingentis,	and	the	American	lobster,	
Homarus americanus.	Invertebrate Biology	117:	155-168.
MArtin, G. G., M. quinterO, M. quiGleY & h. khOsrOviAn.	2000.	Elimination	of	
sequestred	material	from	the	gills	of	decapods	crustaceans.	Journal 
of Crustacean Biology	20:	209-217.
MOntAñO-pérez, k., A. GóMez-GáMez & f. vArGAs-AlbOres.	2005.	Different	
expression	of	Litopenaeus vannamei	(Boone)	haemocytes	to	Vibrio	
and	abiotic	particle	inoculation.	Aquaculture Research	36:	912-919.
MuñOz, M., r. ceDeñO, J. rODríGuez, W. p. W. vAn Der knApp, e. MiAlhe & 
e. bAchère.	2000.	Measurement	of	reactive	oxygen	intermediate	pro-
duction	 in	haemocytes	of	 the	penaeid	shrimp,	Penaeus vannamei.	
Aquaculture 191:	89-107.












rAcOttA, i. s. & e. pAlAciOs.	1998.	Hemolymph	metabolic	variables	in	re-
sponse	to	experimental	manipulation	stress	and	serotonin	injection	
in	Penaeus vannamei.	The Journal of the World Aquaculture Society	
29:	351-356.
renDón, l., M. A. brAvO, f. echeverríA & J. rODríGuez.	 2004.	 ¿Puede	 la	




renDón, l & J. l. bAlcAzAr.	2003.	Inmunología	de	camarones:	conceptos	
básicos	y	recientes	avances	AquaTIC	19:	27-33.
reYes-tisnADO, r., G. hernánDez-cArMOnA, f. lópez-Gutiérrez, e. J. vernOn-
cArter & p. cAstrO-MOrOYOqui.	2004.	Alginatos	de	sodio	y	potasio	ex-
traídos	del	alga	Macrocystis pyrifera	para	usos	en	materiales	para	
impresión	dental.	Ciencias Marinas 30:	189-199.
rODríGuez, J., r. ceDeñO, c. MOlinA, v. OterO, e. vAlenzuelA & M. A. sO-
tOMAYOr.	 2000.	 Efecto	 de	 la	 calidad	 de	 la	 dieta	 sobre	 la	 respuesta	
inmune	 del	 camarón	 Penaeus vannamei. En:	 Cruz-Suárez,	 L.E.,	
Ricque-Marie,	D.,	Tapia-Salazar,	M.,	Olvera-Novoa,	M.A.	y	Civera-
Cerecedo,	 R.	 (Eds.).	 Avances	 en	 Nutrición	 Acuícola	 V.	 Memorias	
del	 V	 Simposium	 Internacional	 de	 Nutrición	 Acuícola.	 Noviembre.	
Mérida,	Yucatán,	México.	pp.	19-22.
rODríGuez, J. & G. le MOullAc.	2000.	State	of	the	art	of	immunological	tools	
and	health	control	of	penaeid	shrimp.	Aquaculture	191:	109-119.
rOsAs, c., G. cuzOn, G. GAxiOlA, Y. lepriOl, c. pAscuAl, J. rOssiGnYOl, f. 
cOntrerAs, A. sánchez, & A. vAnWOrMhOuDt.	 2001.	Metabolism	and	
growth	of	juveniles	of	Litopenaeus vannamei:	effect	of	salinity	and	
dietary	carbohydrate	levels.	Journal of Experimental Marine Biology 
and Ecology	259:	1-22.
rOsAs, c., G. cuzOn, G. GAxiOlA, c. pAscuAl, G. tAbOADA, l. ArenA, & A. vAn-
WOrMhOuDt.	2002.	An	energetic	and	conceptual	model	of	the	physi-
ological	 role	 of	 dietary	 carbohydrates	 and	 salinity	 on	 Litopenaeus 
vannamei	 juveniles.	 Journal of Experimental Marine Biology and 
Ecology	268:	47-67.
rOsAs, c., l. e. cOOper, c. pAscuAl, r. britO, r. GelAbert, t. MOrenO, G. Mi-
rAnDA & A. sAnchez.	2004.	 Indicators	of	physiological	and	 immuno-
logical	status	of	Litopenaeus setiferus	wild	populations	(Crustacea,	
Penaeidae).	Marine Biology	145:	401-413.
sánchez, A., c. pAscuAl, A. sánchez, f. vArGAs-AlbOres, G. leMOullAc & c. 
rOsAs.	2001.	Hemolymph	metabolic	variables	and	immune	response	
in	 Litopenaeus setiferus	 adult	 males:	 the	 effect	 of	 acclimation.	
Aquaculture	198:	13-28.
schOlnick, D. A., k. G. burnett & l. e. burnett.	2006.	Impact	of	exposure	
to	bacteria	on	metabolism	in	the	penaeid	shrimp	Litopenaeus van-
namei.	Biological Bulletin	211:	44-49.
sMith, v. J., J. h. brOWn & c. hAutOn.	2003.	Immunostimulation	in	crus-
taceans:	 does	 it	 really	 protect	 against	 infection?.	 Fish & Shellfish 
Immunology	15:	71-90.
stern, s., A. bOrut & D. cOhen.	1984.	The	effect	of	salinity	and	ion	compo-
sition	on	oxygen	consumption	and	nitrogen	excretion	of	Macrobra-




vArGAs-AlbOres, f. M. A. GuzMán & J. l. OchOA.	 1993.	An	anticoagulant	
solution	for	haemolymph	collection	and	prophenoloxidase	studies	of	
penaeid	shrimp	(Penaeus californiensis).	Comparative Biochemistry 
and Physiology	106A:	299-303.
vArGAs-AlbOres, f.	 2002.	 Herramientas	 para	 determinar	 inmunoestimu-
lación.	En	Cruz-Suárez,	L.E.,	D.	Ricque-Marie,	M.	Tapia-Salazar,	M.G.	
Gaxiola-Cortes	&	N.	Simoes,	(Eds.).	Avances en Nutrición Acuícola 
VI. Memorias del VI Simposium Internacional de Nutrición Acuícola.	
3	al	6	de	septiembre.	Cancún,	México.	pp.	46-53.
Yeh, s. t., c. s. lee & J. c. chen.	2006.	Administration	of	hot-water	extract	
of	brown	seaweed	Sargassum duplicatum	via	immersion	and	injec-
tion	enhances	the	immune	resistance	of	white	shrimp	Litopenaeus 
vannamei.	Fish & Shellfish Immunology	20:	332-345.
zAr, J. h.	1999.	Biostatistical Analysis.	Prentice	Hall.	pp.	25-150.
zhenG, z., c. Jin, M. li, p. bAi & s. DOnG.	2008.	Effects	of	temperature	and	
salinity	on	oxygen	consumption	and	ammonia	excretion	of	juvenile	
miiuy	 croaker,	 Miichthys miiuy (Basilewsky).	 Aquaculture Interna-
tional	16:	581-589.
Recibido:	21	de	abril	de	2010.
Aceptado:	30	de	noviembre	de	2010.
